In this paper an initial-boundary value problem for a linear equation describing an axially moving string will be considered for which the bending stiffness will be neglected. The velocity of the string is assumed to be time-varying and to be of the same order of magnitude as the wave speed. A two time-scales perturbation method and the Laplace transform method will be used to construct formal asymptotic approximations of the solutions. It will be shown that the linear axially moving string model already has complicated dynamical behavior and that the truncation method can not be applied to this problem in order to obtain approximations which are valid on long time-scales.
Formulation of the problem
In this paper the dynamic behavior of an axially moving string without bending stiffness will be studied (see Fig. 1 The following linear equation of motion for a moving string will be considered
where, u(x, t): the displacement of the string in vertical direction, V (t): the time-varying string speed, c: the wave speed, x: the coordinate in horizontal direction, t: the time, and, l: the distance between the pulleys, and
, in which T 0 and ρ are assumed to be the constant tension and the constant mass density of the string, respectively. In this paper the case V 0 < c is considered and it is assumed that V (t) = V 0 + εα sin(ωt), where V 0 , ω and α are some positive constants, and where ε is a small parameter with 0 < ε 1. The term εα sin(ωt) can be seen as a small perturbation of the main belt speed V 0 due to different kinds of imperfections of the belt system. At the pulleys it is assumed that there is no displacement of the string in vertical direction. Equation (1) can also be found in [1] , but now it is assumed that V 0 is not necessarily small compared to the wave speed c. Consequently (1) becomes: where the boundary and the initial conditions are given by
, and u t (x, 0; ε) = r (x),
where f (x) and r (x) represent the initial displacement and the initial velocity of the string, respectively. It is assumed that the functions f (x) and r (x) are sufficiently smooth such that a two times continuously differentiable solution for the initial-boundary value problem (2) and (3) exists. Moreover, it is assumed that the series representations which are used for the solution u (and its derivatives), and for the functions f and r are convergent. In the following section asymptotic approximations of the solution of the initial-boundary value problem (2) and (3) will be constructed using a two time-scales perturbation method. To study nonlinear, transversal vibrations of conveyor belt problems the solution of related linear problems always play an important role. In this paper not only approximations of these linear problems will be constructed, but also the (non-) applicability of the truncation method will be discussed. For a recent overview of the literature on axially moving linear and nonlinear strings the reader is referred to [2] [3] [4] [5] .
